Cathepsin B, a representative lysosomal cysteine proteinase, has been demonstrated to coexist with renin in seaetary granules of rat pituitary LHlFSH cells and renal juxtaglomerular cells. We investigated immunocytochemically the localization of cathepsins B, H, and L in the submandibular gland of male mice, in which active renin is also produced. By light microscopy, granular immunodeposits for cathepsin B were detected in epithelial cells of the gland, particulatly in g m ular duct cells and interstitial cells. Immunoreactivity for cathepsins H and L was mainly found in interstitial cells, although that for cathepsin H was weakly seen in acinar cells. By electron microscopy, immunogold particles indicating cathepsin B intensely labeled small granules near the Golgi complex of granular duct cells and weakly labeled large seae-Correspondence to:
Introduction
Renin is known to be the rate-limiting enzyme in the reninangiotensin-aldosterone cascade, catalyzing the conversion of angiotensinogen to a decapeptide, angiotensin I, which is further cleaved into angiotensin 11, a potent vasoconstrictor, in the circulation. There exist two molecular forms, active renin and pro-renin (inactive renin), in the circulation, both of which are mainly produced in and secreted from renal juxtaglomerular cells . The conversion of pro-renin has been immunocytochemically shown to occur intracellularly (Matsuba et al., 1989; Taugner et al., 1985) . Previously, we have shown the co-localization of cathepsin B, a representative lysosomal cysteine proteinase, with renin and/or pro-renin in secretory granules of renal juxtaglomerular cells and pituitary LH/FSH cells of rats Matsuba et al., 1989) . Cathepsin B is known to convert various proproteins into biologically active forms (Katunuma and Kominami, tory granules, whereas those showing renin labeled both g mdes. Double immunostaining CO-localized immunogold particles showing renin and cathepsin B in small perinuclear granules near the Golgi complex. Some immunopositive granules seemed to be closely associated with the Golgi elements. These results indicate that the co-localization of renin and cathepsin B is also seen in secretory granules of granular duct cells in the mouse submandibular gland, as seen in rat juxtaglomerular and LHlFSH cells. This suggests that cathepsin B is one of the possible candidates for the renin- 1983; Takahashi et al., 1982; Quinn and Judah, 1978; Smith and van Frank, 1975) . In fact, renal cathepsin B has been demonstrated to activate renin (Wang et al., 1991; Shinagawa et al., 1990) , and is speculated to be a major candidate for the converting enzyme of pro-renin.
In addition to kidney and anterior pituitary, male mouse submandibular gland of certain strains has been shown to generate active renin (Cohen et al., 1972; Chiang et al., 1968) . To further examine the possibility that cathepsin B is a converting enzyme of renin, it may be important to investigate its precise localization in submandibular gland.
In the present study, we examined the localization of renin and cysteine proteinases in mouse submandibular gland, using immunocytochemistry.
Materials and Methods
Animals. Twelve adult male CD-1 (ICR) BR mice (6 weeks old) were used, six mice each for light and electron microscopy.
Antisera. Rabbit antibodies to rat cathepsins B, H, and L were purified by affinity chromatography, as reported previously (Bando et al., 1986; Kominami et al., 1984 Kominami et al., ,1985 . These antibodies were immunologically different from each other and showed no crossreactivity . Rabbit antiserum to mouse submandibular renin was used (a generous gift from Dr. K. Murakami).
Light Microscopy. Animals anesthetized with diethyl ether were perfused with 20 ml physiological saline and then with 50 ml of 4% paraformaldehyde buffered with 0.1 M cacodylate-HC1 buffer (pH 7.2) containing 4% sucrose. Submandibular glands were quickly excised, cut into small pieces, and immersed in the same buffer at 4'C for 1 hr. After embedding in OCT compound (Miles; Kankakee, IL) at -SOT, sections of the tissue were cut at 4 pm with a cryostat and mounted on gelatin-coated glass slides. For immunocytochemistry, sections were treated with 0.3% H202 in methanol for 20 min and incubated with 2% normal goat serum (NGS) at room temperature for 15 min. Then they were incubated with the following first antibodies for 3 days at 4°C: anti-renin (1:2000) or anti-cathepsins B (11 pglml), H (9 pglml), and L (12 pglml). Further incubations were performed with biotinylated goat anti-rabbit IgG (histofine SAB-PO kit) (Nichirei; Tokyo, Japan) and peroxidase-conjugated streptavidin (Nichirei) at room temperature for 20 min. After each step, sections were rinsed thoroughly in 0.01 M phosphate-buffered 0.5 M saline (pH 7.2), containing 0.1% Tween 20 (Sigma; St Louis, MO). Staining for peroxidase was performed using 0.0125% diaminobenzidine (DAB) and 0.002% H202 in 0.05 M Tris-HC1 buffer (pH 7.6) for 10 min. Immunostained sections were viewed with a Nomarski differential interference contrast microscope (Olympus; Tokyo, Electron Microscopy. Animals anesthetized with diethyl ether were perfused with 20 ml physiological saline and then with 50 ml of 0.5% glutaraldehyde-4% paraformaldehyde buffered with 0.1 M cacodylate-HC1 (pH 7.2). Submandibular glands were quickly excised, cut into small pieces, and immersed in 4% paraformaldehyde buffered with the same buffer, containing 4% sucrose, at 4'C for 1 hr. After washing thoroughly with the same buffer containing 7.5% sucrose, samples were dehydrated with graded alcohols. Then they were embedded in Lowicryl K4M at -20°C (Roth et al., 1981) . Thin sections were cut with an LKB ultramicrotome (2088, IV) and mounted on nickel grids.
Thin sections were incubated with 5% NGS for 30 min at room temperature. They were incubated with the following first antibodies at 4°C overnight: anti-renin (1:50) or anti-cathepsin B (28 p g h l ) . Then they were treated with gold-labeled goat anti-rabbit IgG (gold particles of 8 or 15 nm diameter) at room temperature for 1 hr; the gold particles were coated and their size adjusted according to the method of Slot and Geuze (1985) . Between each step, the grids were washed in 0.02 M Xis-HC1-buffered 0.5 M saline (pH 8.2) containing 0.1% BSA (Sigma). For double immunostaining, a two-faced technique was used according to Bendayn (1982) . After the immunoreactions, sections were stained with a saturated aqueous solution of uranyl acetate and lead citrate and observed with a Hitachi H-600 electron microscope. Japan).
Control Experiments. Control sections were incubated with anticathepsins B, H, and L adsorbed by rat liver cathepsins B, H, and L, respectively, and with a non-immune rabbit serum diluted to 1:100, followed by incubation with biotinylated goat anti-rabbit IgG and peroxidase-conjugated streptavidin. Some sections were directly incubated with the second antibody without any preceding incubation with the primary antibodies. For immunoelectron microscopy. thin sections were incubated with the adsorbed antibodies or with the non-immune rabbit serum diluted to 1:200, followed by the gold-labeled second antibody without pre-treatment with the first antibodies.
Results

Light Microscopy
Immunoreactivity for renin was found in granular duct cells of the submandibular gland; some cells showed intense and diffuse immunoreactivity, whereas others showed granular immunoreactivity in the perinuclear region (Figure la) . The submandibular gland was also immunostained by anti-cathepsins B, H, or L; immunoreactivity for cathepsin B was clearly detected in both epithelial and interstitial cells (macrophages) (Figure lb) , whereas that for cathepsins H and L was mainly seen in interstitial cells (Figures IC and Id) . Diffuse and/or granular immunodeposits for cathepsin B were intense in granular duct cells (Figure 1b) . The immunoreactivity for cathepsin B was also found in acinar and other duct epithelial cells, but it was less intense. Moreover, the immunoreactivity for cathepsin H was strongly detected in interstitial cells, but its epithelial localization was only weakly seen in acinar cells ( Figure IC) .
Electron Microscopy
Immunogold particles indicating antigenicity of renin were localized not only in large apical secretory granules but also in small perinuclear granules near the Golgi complex of granular duct cells (Figures 2a and 2b) . Immunogold particles for cathepsin B densely labeled small granules located in the perinuclear region, whereas these immunogold particles were less dense in large secretory granules (Figures 3a and 3b) . The small granules labeled with immunogold particles showing cathepsin B often appeared near the Golgi complex (Figure 3b ). By double immunostaining, immunogold particles indicating renin were co-localized with those showing cathepsin B in small perinuclear granules near the Golgi complex ( Figures  4a and 4b) . Some small granules labeled with immunogold particles indicating both renin and cathepsin B were closely associated with the Golgi cisternae (Figure 4a ).
Control thin sections and cryosections incubated with the adsorbed antibodies, or with the non-immune rabbit serum as the primary antibody, showed no specific reaction deposits in cells of the submandibular gland. Moreover, control cryosections incubated directly with the biotinylated second antibody and thin sections with the gold-labeled goat anti-rabbit IgG also exhibited no specific reaction product in the cells.
Discussion
The present immunocytochemical study demonstrates that renin and cathepsin B are co-localized in small granules near the Golgi complex in granular duct cells of mouse submandibular gland.
Cathepsins B, H, and L have been shown to be involved in the intracellular degradation of proteins localized in lysosomes of various mammalian cells (Katunuma and Kominami, 1983; Kirschke et al., 1980) . In particular, these cysteine proteinases are immunocytochemically detected in lysosomes of hepatocytes Watanabe et al., 1989a; Ii et al., 1985) and renal tubule cells (Yokota and Kato, 1988) . In the present study, these cysteine proteinases were well localized in interstitial macrophage-like cells.
It is interesting that cathepsins B, H, and L in submandibular tissue are heterogeneous in localization; cathepsin B is localized in both epithelial and interstitial cells, whereas cathepsins H and L are mainly detected in interstitial cells. The heterogeneous localization of cathepsins 0, H, and L has been shown in various tissues (Furuhashi et al., 1991; Watanabe et al., 1988) ; particularly in the duodenum, cathepsins B and L are seen in both epithelial cells and Figure 1. Cryosections showing immunohistochemical localization of (a) renin (REN) and cathepsins(b) B (CB). (c) H (CH). and (d) L(CL) in mouse submandibular   gland. Arrows indicate immunoreactivity for cathepsin B. H, or L in interstitial cells (b-d) . Note that the immunoreactivity for cathepsin H also appears in acinar cells (arrowheads). Original magnification x 250. Bar -50 pm. macrophages, whereas cathepsin H is localized in macrophages only. The intense localization of cathepsin B in granular duct cells of the submandibular tissue suggests that it may play an important role in the metabolism of the cells.
The intracellular degradation of secretory products appears to regulate intracellular contents of secretory products in lysosomes called crinophagic bodies, which contain dense cores resembling the protein core of secretory granules (Orci et al., 1984; Smith and Farquhar, 1966) . Cathepsins B and/or H have been suggested to participate in the degradation of old, unneeded secretory products in crinophagic bodies of rat pancreatic islet Band A-cells and in melanotrophs and mammotrophs of rat pituitary gland Watanabe et al., 1988) . In the present study, however, we could not find these crinophagic bodies in granular duct cells.
It has been suggested that excess angiotensinogen is degraded in lysosomes of rat hepatocytes (Watanabe et al., 1989a) . Moreover, lysosomes in the perikarya of nerve cells in the spinal cord and the dorsal root ganglion uptake and degrade calcitonin gene-related peptide (Taniguchi et al., in press) . The degradation of the protein and the peptide in lysosomes of these hepatocytes and neurons occurs without forming crinophagic bodies seen in various peptide hormone-producing cells. In these cells, lysosomes contain not only cathepsin B but also cathepsins H and/or L (Taniguchi et al., in press; Watanabe et al., 1989a) . The present study demonstrated that cathepsins H and L are not detected in granular duct cells, although cathepsin H is localized in acinar cells.
In the present immunocytochemical study, immunogold particles indicating cathepsin B intensely labeled small granules near the Golgi complex and weakly labeled large secretory granules in granular duct cells, whereas those showing renin intensely labeled small and large granules in the cells. As stated above, immunogold particles indicating renin and cathepsin B were distinctly co-localized in small granules closely associated with the Golgi complex. Moreover, cathepsins H and L were not localized in granular duct cells; only cathepsin B was detected in these small and large granules of the cells. From these results, it seems likely that these small granules near the Golgi complex immunopositive for cathepsin B and renin are not lysosomes but rather are secretory granules. Of course, further studies are required to elucidate the nature of these small granules.
According to our previous studies Matsuba et al., 1989; Watanabe et al., 1989b) , cathepsin B is localized not only in secretory granules of renin-producing cells but also in atrial natriuretic peptide-producing cells in rat heart. At present, it remains unknown what roles cathepsin B plays in secretory granules of these cells. However, cathepsin B has been postulated to participate in the activation of peptide hormones and proteins (&hashi et al., 1982; Quinn and Judah, 1978; Smith and van Frank, 1975) . Recently, biochemical studies using recombinant human prorenin as a substrate have identified cathepsin B as a human reninprocessing enzyme (Wang et al., 1991; Shinagawa et al., 1990) . In addition to juxtaglomerular cells of the kidney and LH/FSH cells of the anterior pituitary that produce active renin Matsuba et al., 1989) , the present study also revealed the co-localization of cathepsin B and renin in small and large granules of granular duct cells in the mouse submandibular gland. From these results, we suggest cathepsin B as one of the possible candidates for the renin-processing enzyme.
